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The effect of 200 MeV Ag ion irradiation on the temperature and field dependence of critical current
density Jc) of high quality MgB, thin films is studied. Substantial increaselinis observed over

a certain field range for the film irradiated at a dose of?i6ns/cnf. Our analysis suggests that
columnar defects are not formed under irradiation conditions used in these studies, which
correspond to an electronic energy loss of about 16 keV/nm. Defects clusters are likely to be
responsible for the observed improvementin. © 2004 American Institute of Physics.

[DOI: 10.1063/1.1687982

The discovery of superconductivity at 39 K in MgBas  surements. A standard four-probe technique with a dc current
renewed the interest in the area of intermetallicsource was used for transport measurements. The irradiations
superconductors:* It is known thatJc of a superconductor were performed at room temperature with 200 M&VAg
can be enhanced by creating vortex pinning cemtédsne  ion beam from a 15UD pelletron accelerator at the Nuclear
way to produce such pinning centers is high-energy heavspcience Center, New Delhi, at doses of 80" (sample ID:
ion irradiation to generate columnar defects along the iorc1) and 162 (sample ID:Cy,) ions/cnf. The approximate
trajectories. Columnar defects have been shown to enhanégnge of the ions in MgBis about 18um, much larger than

Je in YBCO, Bi,S,CaCyOg,;, and other highT.  the film thicknes150 nm). o
superconductord However, only a marginal increase ¥ Figure 1 shows the temperature dependence of resistivity

has been reported by high-energy heavy ion irradiation in(p) for the unirradiated and irradiated films. These data were

Mngj—lo
In this letter, we report the results of 200 MeV Ag ion 14 T T ———T
irradiation (corresponding to an electronic energy l0Ssg, 15
=16 keV/nm) of high quality epitaxial thin films of MgB 129
i . e 1.0
Our analysis shows that the threshold electronic energy loss 104 3
(Sey for creating columnar defects in MgBs much higher - 2 05
than that compared to the hidlk films. As a result columnar g g © Unirradiated
defects are not formed in our films. However, substantial 2 0.0 st K

increase in thdc (in specific field rangeis observed for the S % 40 45 50 %

sample subjected to high irradiation dose, presumably be- < 4 T ""\ ]
cause of the pinning caused by agglomerated defects. »" unirradiated |
The films used for these studies were grown on 4H-SiC 2 G ]
(000) by a hybrid physical-chemical vapor deposition
i 1 i i i - 0 . M T M 1 T T T M T M
techniquet! The films were patterned in the form of micro 5 20 100 150 200 280 300

bridges (20umXx2 mm and 3QumXx 2 mm) for theJ: mea- T (K)

dauthor to whom correspondence should be addressed; electronic maiFIG. 1. Thep—T curves for the unirradiated and irradiated samples. The
shinde@squid.umd.edu inset shows same curves on expanded scale.
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FIG. 2. (a) Jc vs H curves at different temperatures for unirradiated and
irradiated samples. The data for samples C,;, and G, are shown by
filled, open, and half-filled symbols, respectivelly) The same data for the
case of T=28 K. (¢) |-V curves for samples £ C;;, and G, at T
=28KandH=1T.

measured with a constant current of QuA. A rather low
value of normal state, high residual resistance ratio (RRR
=19.2), andT-=40 K of the unirradiated film indicate the
high quality of the film. No change ifi; (inset of Fig. 1
was observed for both the irradiated films. Thaas found
to increase only slightly for sample, G suggesting that after
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FIG. 3. Normalized pinning force as a function of normalized field for the

samples @ (a) and G, (b). The lines are fit to the data.

It has been showh earlier that the pinning force density
(Fp=JcXH) vsH curves measured at all temperatures can
be scaled into a single curve when plotted on the reduced
scale,Fp/Fp mad=f) VSHp/Hp nad=h). HereFp ax 1S the
maximum value ofp andHp 2« iS the corresponding field.
The functional form of this universal curve depends on the
pinning mechanism. Such scaling behaviors are seen in our
measurements withi=1.9n%° (1-0.3)*® for unirradiated
sample G [see Fig. 8], f=1.99H7 (1-0.3)*8 for
sample G;, and f=1.8n(1-0.4%)° for sample G, [see
Fig. 3(b)]. This indicates that sample;Chas a similar pin-
ning mechanism as for sample, Cwhereas in sample ¢
the dominant pinning centers created by irradiation are dif-
ferent.

In order to observe the defect structure on the film sur-
face, the film morphology was studied by atomic force mi-
croscopy. Earlier, using the same microscope, we had clearly
observed® the morphological deformations caused by co-

irradiation hardly any damage is induced/sustained in sampleimnar defects formed in lgaCa, ;MnO; films. However,

Cq1. However, for sample , a moderate level of

no such signatures are observed in either of the samples C

irradiation-induced damage is evident from an almost two-and G,. Similarly, no indications of columnar defects were

fold increase irp as well as a drop in RRR by about 30%.
Figure Za) showsJ. as a function oH at differentT
for irradiated and unirradiated films. Thk. values were
obtained from currentl versus voltage\{) measurements
(10 mVicm criterion. After irradiation at a dose of 3
x 10* ions/cnt (sample Gy), the Jc and its dependence on
H and T were similar to that of unirradiated samglkexcept
for a small increase id; at higherH). However, after irra-
diation with 132 ions/cn? (sample G,), substantial changes
were observed in thdc values as well as it3 andH de-
pendence. At zero and lo, theJ. is slightly reduced after
irradiation. At higheH (up to a certain fieldH*), it is larger
after irradiation. This is explicitly shown in Fig(12), where
data forT=28 K is plotted. As an example, tHe-V curves
from which theJ. values are determined are shown in Fig.
2(c) for a particular case of =28 K andH=2 T. The sub-
stantial difference in thé—V curves of samples Gand G
is clearly visible. This improvement id. of sample G,
continues up tdH*, above which it drops below the value
for the unirradiated samplé-ig. 2(a), curves at lowT]. The
qualitative features of the field dependencelgfremain the
same even with the use of different critefeg., 1«V/cm)
to determinelc . In short, in a specific range &f, about an
order of magnitude increase It is observed after irradia-
tion with 200 MeV Ag ions at a dose of 1dions/cnt.

observed in the scanning electron microscopy. These obser-
vations strongly suggest that columnar defects are not
formed in MgB, at the ion beam energy used here. This
would explain ourdc data for the sample .

In the electronic energy loss regime, whgpis above
some threshold value S(), columnar defects can be
formed!* By using the stopping and range of ions in matter
(srim) simulation program, we found that the dominant loss
in our films is the electronic energy loss, which is
~16 keV/nm throughout the film thickness. This value is
close to S, for high T oxide superconductors and oxide
insulators(4—25 keV/nm.**~'*However, given the interme-
tallic nature, the threshold value for MgBnay be much
higher than that of oxides. For Fe, only point defects are
formed for S, up to 70 keV/nm® In Ti for S,
~39 keV/nm, the damage was in the form of isolated re-
gions where high density of dislocation loops was folihd.
No substantial damage was observed in a number of metals
such as Cu, Ag, and W even after subjecting to a very high
S.~100 keV/nm!’ In NiZr,, columnar defects are found
aboveS,~48 keV/nm!’ In Ni3B, following the irradiation
with high S,, the columnar defects were formed, but they
were unstable at room temperature and disappeared in a few
months’

Based orS,; values in metals in metallic alloys, it seems
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